Sinonasal melanoma is a rare disease entity, accounting for less than 1% of all diagnosed melanomas and up to 4% of all malignancies of the sinonasal cavity. 1,2 It is widely recognized as an aggressive disease that affords a very poor prognosis irrespective of treatment. Standard histopathological predictors of poor prognosis that affect cutaneous melanoma staging, such as Breslow's depth, ulceration, and mitoses, have not been shown to influence survival in mucosal melanoma. 3 The published 5-year survival data reveals a dismal rate of 6.5 to 34%, 4 with most patients dying within the first 3 years.
Introduction
Sinonasal melanoma is a rare disease entity, accounting for less than 1% of all diagnosed melanomas and up to 4% of all malignancies of the sinonasal cavity. 1, 2 It is widely recognized as an aggressive disease that affords a very poor prognosis irrespective of treatment. Standard histopathological predictors of poor prognosis that affect cutaneous melanoma staging, such as Breslow's depth, ulceration, and mitoses, have not been shown to influence survival in mucosal melanoma. 3 The published 5-year survival data reveals a dismal rate of 6.5 to 34%, 4 with most patients dying within the first 3 years.
The traditional treatment for sinonasal melanoma is surgical resection followed by radiation therapy to improve local control. Surgical management has been shown to afford improved survival outcomes when compared with chemotherapy or Keywords ► sinonasal malignancy ► mucosal melanoma ► outcomes ► immunotherapy ► expanded endonasal technique
Abstract
Background Sinonasal melanoma is a rare disease with a high mortality rate. The surgical management paradigm has significantly changed over the past decade with the introduction of expanded endonasal techniques. There have also been advances in management of metastatic and locally advanced disease with the advent of immunotherapy.
Methods Single-institution retrospective review of adult patients with sinonasal melanoma, surgically managed at the University of Michigan over a 9-year period. Thirty-one patients met inclusion criteria. All patients were retrospectively staged according to the 7th Edition AJCC staging system for mucosal melanoma. Parameters that may affect survival were analyzed using Cox's proportional hazard models and survival outcomes were analyzed with the Kaplan-Meier method. Additionally, a review of three patients with distant metastatic disease receiving immunotherapy is presented.
Results Most patients were managed endoscopically (67%), and had stage III disease (71%). However, 57% of stage IVB tumors were successfully managed endoscopically. Stage statistically impacted overall survival whereas distant control was impacted by stage, site of origin, mitotic rate, and necrosis. The 2-year overall survival for all stages was 77% which declined with advanced disease. Two-year locoregional control and distant control showed similar trends. Conclusion Treatment of sinonasal melanoma has drastically changed over the past decade with increased use of expanded endonasal techniques. Our review revealed excellent 2-year overall survival in stage III disease with an appreciable decline in survival in more advanced disease. Immunotherapy may play a large role is future management given the high-risk of distant metastasis. radiotherapy alone. 5, 6 Traditional open approaches are often associated with increased morbidity, prolonged operative times, and significant intraoperative blood loss. Less invasive endoscopic approaches have allowed for decreased morbidity and comparable survival outcomes. 7, 8 Again, the majority of patients undergo adjuvant radiation therapy following surgical resection; however, most studies have shown no significant overall survival benefit. 4, 9 Along with improved surgical techniques, there are now immunologic therapies available for treatment of patients with sinonasal melanoma in the setting of advanced and metastatic disease. These medications include ipilimumab, nivolumab, and pembrolizumab. The data on efficacy of these medications is extrapolated from their use in cutaneous melanoma. 10 Ipilimumab is a monoclonal antibody which exerts its effect by targeting CTLA-4 (cytotoxic T lymphocyte-associated protein-4). CTLA-4 is a protein receptor which functions by down-regulating the action of cytotoxic T lymphocytes (CTLs) that play a key role in the destruction of tumor cells. Ipilimumab blocks the inhibitory function of CTLA-4 allowing CTL's to perform their tumoricidal role. Nivolumab and pembrolizumab are two antiprogrammed death 1 (PD-1) antibodies which were also approved by the U.S. FDA (Food and Drug Administration) in 2014 for management of metastatic cutaneous melanoma. The therapeutic antibodies bind to and block the PD-1 receptor on lymphocytes inhibiting the PD-L1 and PD-L2 immune suppressing ligands from interacting with the receptor. These ligands are often found on tumor cells which can then bind to T-cells leading to their inactivation resulting in immune evasion. This action is prevented with PD-1 receptor antibodies. These drugs are not yet widely used in the treatment of sinonasal melanoma and the literature regarding their efficacy and safety in this setting is limited. 16 Given the significant advances in the treatment of this challenging disease entity over the past decade, we elected to review our institutional outcomes and treatment strategies. This study was designed to report the clinical characteristics of patients diagnosed with sinonasal melanoma, analyze the 2year overall survival, locoregional control, distant control and investigate parameters than may be predictive of poor prognosis. We also provide a case report of three patients treated at our facility with advanced sinonasal melanoma receiving immunotherapy, in hopes to shed light on their potential use in the management of this disease in the advanced locoregional and distant metastatic disease setting.
Methods
An institutional review board approved query of otolaryngology department patient encounters was performed, identifying 183 new patients with nasal or sinonasal malignancy receiving care by the two senior authors between 2009 and 2017. Each patient's chart was examined to include only those patients with biopsy-confirmed sinonasal melanoma, totaling 39 patients. Those patients with metastatic disease at diagnosis (n ¼ 2), unresectable disease (n ¼ 2) or those whom had undergone surgical resection with curative intent by an outside physician (n ¼ 4) were excluded, leaving a total of 31 patients for analysis Clinical information was retrieved from the electronic medical record to include demographic data, presenting symptoms, date of diagnosis, subsite of origin, stage, surgical treatment, complications, adjuvant therapy, and outcome. Each tumor specimen was reviewed by one experienced head and neck pathologist to confirm the diagnosis and identify histopathological features that may be associated with prognosis. Each patient was retrospectively staged according to the 7th Edition American Joint Committee on Cancer (AJCC) staging system for mucosal melanoma (►Table 1) based on clinical information including endoscopic description, radiologic data, and intraoperative findings. At the time of this publication, the AJCC 8th edition has been released with no changes in the tumor-node-metastatis (TNM) staging; however, there are now no proposed prognostic stage groups.
Outcome data pertaining to patient and disease parameters were calculated using Cox proportional hazards models for 2year overall survival (OS), locoregional control (LC), and distant control (DC). Curves describing the 2-year OS, LC, and DC were calculated with the Kaplan-Meier method.
During our review, three patients were identified who had received immunotherapy. Clinical data was collected regarding tumor stage, primary site, date of diagnosis and surgery, operative technique, receipt of adjuvant radiation, site of recurrence/distant metastasis, immunotherapy regimen, and outcomes. 
Results

Patient and Disease Characteristics
A total of 31 patients met inclusion criteria, most of whom were female, Caucasian, and nonsmokers with greater than 60 years of age. The most common site of disease origin was within the nasal cavity, specifically arising from the nasal septum. Most patients presented with multiple symptoms including: epistaxis, nasal obstruction, sinusitis, and cranial neuropathies. Less common symptoms included headache, nasal deformity, otalgia, hearing loss, facial pain, vision changes, and epiphora. All stages of disease were represented in this cohort, the most common being stage III. Disease and patient characteristics are summarized in ►Table 2.
Pathologic Characteristics
All retained pathologic specimens were submitted for internal histological review for confirmation of diagnosis. were treated endoscopically, seven (23%) were treated with a combined approach, and three (10%) via an open approach. Those treated endoscopically encompassed all disease stages with 15 patients representing stage III, two patients (40%) stage IVA and four patients (57%) stage IVB. Those patients treated with a combined approach also encompassed all disease stages, with four stage III, two stage IVA, and one stage IVB. Open approach was reserved for advance disease alone including for one stage IVA and three stage IVB. Most patients went on to receive adjuvant radiation therapy at 84%. Of the five patients who did not receive adjuvant radiation therapy, four had disease limited to the mucosa with negative surgical margins. Two of these patients had no residual melanoma found within the surgical specimen, owing to their initial biopsy having removed all malignant cells. Each patient also had a Multidisciplinary Melanoma Tumor Board recommendation against additional therapy, given the limited extent of disease. The fifth patient presented with stage IVB disease and developed distant metastatic disease within 2 weeks of surgical resection, succumbing to the disease within 5 months. Adjuvant radiation therapy was initially recommended but held due to initiation of systemic immunotherapy for management of distant disease. We thus far have three patients on immunotherapy for the treatment of distant metastatic disease. Treatment regimens include: ipilimumab alone, ipilimumab with nivolumab, and pembrolizumab alone. Details regarding these cases are described later. Treatment data are summarized in ►Tables 4 and 5.
Survival
The median follow-up duration was 38.5 months. The 2-year overall survival (OS) for all stages was 77% (95% CI: 56- 
Discussion
Sinonasal melanoma remains a challenging disease entity with a poor prognosis. Some patients experience a prolonged survival despite multiple local recurrences or development of distant metastatic disease, whereas others rapidly decline despite negative-margin surgical resection and adjuvant radiation therapy. This suggests the presence of underlying differences in genetic makeup or epigenetic factors (e.g., immune response) between these tumors which have not yet been defined. Management of sinonasal melanoma at our institution has largely transitioned from the utilization of open approaches to those including endoscopic alone or combined approaches. All disease stages have been successfully managed endoscopically. The decision to proceed with an endoscopic approach has been made based on clinical and radiographic extent of disease, patient comorbidities, and surgeon experience. With continued practice and technique development, we are able to further push the boundaries of disease we are able to approach endoscopically while minimizing morbidity at our institution. Overall survival at 2 years for stage III disease is 87% at our practice. This sharply declined to 57% in more advanced stage IVB disease. Locoregional control for stage III disease is 72%. We did not have any locoregional recurrences in our stage IVA subgroup, though there were only five patients included, all of which were received adjuvant radiation therapy. The small sample size significantly limits our ability to interpret this information. Locoregional control was notably worse in the stage IVB patients at 38%. As expected, the distant control declined with increasing stage. It's difficult to make conclusions on why our disease control is higher than the average reported given our small sample size. Our overall approach includes aggressive, margin-negative, and surgical resection followed by adjuvant radiation therapy in the majority of cases. We also utilize intraoperative, frozen section, and margin analysis. Though frozen section analysis for melanoma is not standard and margins are sometimes overturned on final pathology, we do feel this additional information helps to guide margin-negative resection.
Most of our patients underwent adjuvant radiation therapy. The few that did not either had minimal disease burden or progressed rapidly to distant disease and death without time for adjuvant intervention. Given the poor prognosis associated with this disease and the possibility for skip lesions despite 'negative' surgical margins within the sinonasal cavity, it is our practice to routinely recommend adjuvant radiation therapy. 17 We agree with the majority of authors in considering adjuvant radiotherapy to increase local and regional control even though it does not increase survival independently of tumor stage. [18] [19] [20] [21] [22] [23] The management of patients with unresectable and metastatic disease remains a challenge. Outcomes and management of these patients tend to parallel those of advanced cutaneous melanoma patients. To date, there have been no published randomized controlled trials evaluating the efficacy of newer immunologic therapies in the setting of sinonasal melanoma. Several retrospective studies have reviewed early outcomes in this patient cohort with encouraging results. The low incidence rate of this disease makes the development of randomized trials unlikely to occur, and use of these agents for sinonasal melanoma is predicated on the understanding of the outcomes in cutaneous melanoma and small retrospective reviews. Postow et al reviewed the efficacy of ipilimumab for patients with metastatic or unresectable mucosal melanoma and showed that although the overall response rate was low, some patients can achieve durable responses with a reasonable side effect profile. 17 Of note, only 12 of the 33 patients analyzed had a disease origin within the sinonasal cavity. We plan to continue gathering data on our patient cohort in hopes to provide some insight into the efficacy of immunotherapy in the setting of advanced sinonasal melanoma. Our study is limited by the small sample size. Sinonasal melanoma is a rare disease, making a single institution review of outcomes difficult, even at a large academic center. This limits our ability to perform multivariate analysis on a large number of clinical and pathologic characteristics. With a small sample size, is it possible that some factors influencing our outcomes are not identified due a lack of power.
Conclusion
Treatment of sinonasal melanoma has drastically changed over the past decade with the advent of expanded endonasal techniques. At our institution, all disease stages have been successfully managed endoscopically and the decision to proceed with this approach is made carefully by considering clinical and radiographic extent of disease, patient comorbidities, and surgeon experience. Management of advanced and metastatic disease is also a changing paradigm with the introduction of immunotherapy. Here we present a case report of three patients, two of which have sustained stable metastatic disease burden on immunotherapy with well over a year of follow-up and with minimal side effects.
